Background: At-home bleaching is a technique characterized by the use of carbamide peroxide or hydrogen peroxide as a tooth-whitening agent. However, no data exist regarding systemic safety of this technique. The aim of this study was to investigate the effect of at-home bleaching on serum redox homeostasis. Methods: Twenty-nine healthy volunteers who requested tooth-whitening participated in this study. Specified bleaching trays were fabricated for the maxilla and mandible arches. Each participant was given two syringes containing 9% hydrogen peroxide gel to use for 30 min/night for 14 nights consecutively. To evaluate the redox status, the serum concentrations of malondialdehyde (MDA), total antioxidant capacity (TAC) and pro-oxidant-antioxidant balance (PAB) were measured. Blood samples were obtained in the morning prior to initiation of study and the morning after expiration of the bleaching period. The collected data were analyzed using Student's t-test with 95% confidence interval. Results: Twenty-three subjects completed the study. MDA, PAB and TAC were significantly increased after the bleaching period (P = 0.001, 0.001 and 0.002, respectively). Conclusions: At-home bleaching revealed the potential to disturb oxidant-antioxidant balance and induce oxidative stress. Its clinical relevance is unfavourable and potential side-effects of at-home bleaching should be considered.
INTRODUCTION
In recent decades, tooth-whitening techniques have grown rapidly, mainly because of aesthetic reasons in improving the undesirable appearance of teeth. The two main bleaching techniques are in-office and athome methods. At-home bleaching technique can be either dentist-supervised or self-administered using over the counter (OTC) devices. 1 The bleaching process is based on a chemical reaction between pigmented molecules within the organic matrix of the tooth and the oxidizing agents. In the course of the bleaching procedure, long-chain pigmented molecules are oxidized and split into smaller lighter molecules as well as other molecules including carbon, water and oxygen. 2 Different oxidizing chemicals are frequently applied in the tooth bleaching procedures. The main effective bleaching agent is hydrogen peroxide(H 2 O 2 ) as other materials break down to release this one. For instance, whitening products containing 10% carbamide peroxide release 3.5% hydrogen. 1, 2 In the dentist-supervised at-home bleaching technique, also regarded as a conservative method of 
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The official journal of the Australian Dental Association tooth whitening, the oxidative agents are held in contact with the tooth surface over a certain period of each day. In this method, the duration of exposure to the oxidizing agent depends on the concentration and type of bleaching agent. 3 A number of concerns over the safety of bleaching procedure have been raised by several researchers. [4] [5] [6] [7] Side-effects reported for tooth bleaching procedures include slight reduction of tooth enamel, a temporary increase in tooth hypersensitivity, along with irritation of the oral soft tissues, especially gingival tissue. [8] [9] [10] [11] In addition to the transient and local side-effects of the bleaching agents, the long-term and irreversible systemic effects of these agents including genotoxicity, cytotoxicity, and carcinogenicity have been investigated. 12 Several animal studies have focused on these side-effects. Ito et al. [13] [14] [15] [16] reported the presence of adenoma and duodenum carcinoma along with hyperplasia following ingestion of 0.1% and 0.4% (w/v) of the hydrogen peroxide solution for 8 weeks in rats. Dahl and Pallesen 17 presented acute mucosal ulcerations in the stomach of rats following ingestion of carbamide peroxide in a dosedependent manner. Timblin et al. 18 applied the hydrogen peroxide on human tracheal epithelium cells and observed overexpression of proto-oncogene c-jun protein. However, conflicting reports over the long-term effects of bleaching agents was observed along with no published report regarding these effects on humans.
It should be noted that there is less clinical control in at-home bleaching using a night-guard in comparison to in-office bleaching. Additionally, the clinical control is least with OTC devices without any dentist supervision. Entrance of the oxidant agents (which are highly reactive) to the body circulation could damage various cells and organs. 19 Although there exists an intricate balance between oxidants (from internal metabolism or exogenous sources) and antioxidants within the body cells, excessive oxidants could perturb this balance and lead to oxidative stress, 20 the result of which is damage to various organic compounds including lipids, proteins and DNA. 19 Moreover, high concentrations of the oxidants in comparison with the antioxidants can contribute to the pathogenesis of various types of cancers, cardiovascular diseases and neurodegenerative disorders. [21] [22] [23] To date, there have been no published clinical studies that addressed the systemic effects of bleaching agents, making this study the first to consider the potential systemic adverse impacts of these components. The current study aimed to investigate if the oxidizing agents used in the dentist-supervised at-home bleaching technique could lead to redox perturbation and subsequent oxidative stress after the bleaching period.
METHODS

Study population
Twenty-nine (19 female and 10 male) healthy volunteers who requested tooth whitening and were referred to the Department of Operative Dentistry at Mashhad Dental School participated in the study. All participants signed a detailed informed consent and the Ethical Board of Mashhad University of Medical Sciences approved this study.
Dry mouth, enzymatic disorders, respiratory or digestive tract disorders, allergy to vinyl, tooth decay, exposed root surfaces, broken teeth, enamel erosions, grinding parafunction, poor oral hygiene, along with smoking were the exclusion criteria. In addition, volunteers with any systemic disorder (e.g. hypertension, diabetes mellitus) as well as patients who had been using antioxidant supplements (vitamin C and vitamin E) were also excluded from this study. Participants were instructed against the ingestion of fast foods or vitamin C/E supplements during the study period.
Bleaching procedure
An alginate impression (Bayer, Leverkusen, Germany) was obtained to produce a negative mould of both maxillary and mandibular arches. Casts were poured subsequently with dental Stone powder (Tara, Iran). The bleaching tray was fabricated with 0.035-inch vacuum-formed sheets using a vacuum tray-forming machine (Ultradent Products, South Jordan, UT, USA). The trays were trimmed to 2 mm of the gingival margins. Two 3-mL syringes of 9% hydrogen peroxide gel (Perfecta Bravo â Tooth Whitening Gel; Premier Dental Products, Plymouth Meeting, PA, USA) with close to natural pH were handed to each participant. The patients were instructed to place enough bleaching agent into the tray to cover the facial surfaces of the target teeth (which were visible when smiling, laughing and talking) and then put the loaded tray on their teeth. Obtaining maximum benefit of the product and patient compliance, participants were asked to wear the bleaching trays for 30 min/ night for 2 weeks (according to the manufacturer's instructions) every night after daily routine flossing and brushing. After the loaded tray was seated, the patients were instructed to remove any trace of excess bleaching material on gingival tissue to minimize gingival irritation and swallowing of the bleaching agents. Subjects were cautioned to discontinue the use of bleaching agents in cases of tooth hypersensitivity or gingival problems and call the research team immediately.
Blood sample
A venous blood sample (5 mL) was collected from all participants twice: once in the morning of the day of commencement of the bleaching procedure, and thereafter in the morning of the day after the last night of bleaching. After separating sera from the whole blood, samples were kept at -80°C until the time of assaying.
Thiobarbituric acid reactive substances (TBARS) assay
The serum concentration of malondialdehyde (MDA), both as a product of lipid peroxidation and as a biomarker of oxidative stress, was measured using a commercial kit (item no. 10009055; Cayman Chemical, Ann Arbor, MI, USA) based on an established method. 24 The assay was based on the formation of a pink-coloured complex between MDA and thiobarbituric acid under high temperature (100°C) and acidic conditions. Absorbance of the MDA-thiobarbituric acid complex was read at 532 nm and the concentration of MDA in samples was determined using a standard curve provided using 0-5 lM MDA.
Pro-oxidant-antioxidant balance (PAB) assay
A method described by Alamdari et al. 25 was utilized to estimate the PAB. In summary, for plotting the standard curve, varying proportions of 250 lM hydrogen peroxide (as a representative of pro-oxidants) with 3 mM uric acid in 10 mM NaOH (as a representative of antioxidants) were mixed, implying that the ultimate oxidant sample contained only hydrogen peroxide with a concentration of 250 lM, while the ultimate antioxidant sample had only uric acid with a concentration of 3 mM.
Thereafter, in each well of a 96-well plate, 10 lL of each sample, standard or blank (distilled water), were mixed with 200 lL of the working solution which had been prepared according to the protocol. 25 After 12 min incubation in a dark place at 37°C, reactions were terminated through the addition of 100 lL of 2 N HCl to each well; thereafter, the absorbance of samples was read at 450 nm with a reference wavelength of 620 or 570 nm.
The values of the unknown samples were calculated according to the standard curve.
Total antioxidant capacity (TAC) assay
To estimate the serum total antioxidant capacity, a method described by Miller et al. 26 was used that is the basis of a commercial kit (item no. 709001; Cayman Chemical). This assay was based on serum antioxidant capacity for preventing the oxidation of 2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical to ABTS radical cation by metmyoglobin. The bleaching effect of antioxidants on bluegreen colour of ABTS radical cation was found to be proportional to the total antioxidant capacity that was measured as a change in absorbance at 660 nm. The experimental results obtained were compared with that of Trolox (no. 709001; Cayman Chemical, Ann Arbor, MI, USA), a tocopherol analogue, and were presented as millimolar Trolox equivalents. All other chemicals were purchased from Sigma-Aldrich (Taufkirchen, Germany).
Statistical analysis
The data obtained before and after bleaching periods were collected. The normality of data distribution was evaluated using one-sample KolmogorovSmirnov test. The difference between two measurements was performed using paired-sample t-test or Wilcoxon rank sum test. In addition, due to sample size limitations, the effective variable's size was measured using g 2 -test. SPSS version 11.5 software (SPSS, Chicago, IL, USA) was used with 95% confidence interval.
RESULTS
Twenty-three patients (16 female and seven male) completed the study while six of the registered participants did not continue the project to the end. Two participants had moved away and were unable to participate in serum sampling sessions; also, others did not apply the bleaching agents according to specified standard protocol. Subjects used bleaching gels for 14 AE 2.1 nights. The age of the subjects was 29.4 AE 9.5 years (range, 18-53). None of the subjects who completed the study reported any signs of tooth hypersensitivity or gingival problems during the study.
The MDA concentration (TBARS), PAB and TAC were all normally distributed in our measurements.
According to paired-sample t-test, serum concentration of MDA after bleaching (4.77 AE 1.87 lM) was significantly higher than that of pre-bleaching samples (3.14 AE 1.00 lM) with a P-value of 0.001 (Fig. 1) . The effect size of TBARS test was observed to be 0.427.
For PAB assay, because the standard curve was plotted based on increasing concentrations of hydrogen peroxide, the higher value of PAB indicated a higher degree of redox perturbation in favour of oxidants. In this study, while the PAB value for prebleaching samples was 77.84 AE 14.40, a significantly higher value of 115.36 AE 26.18 was noticed after bleaching (P < 0.001) (Fig. 2) . The effect size of the PAB test was found to be 0.820.
As shown in Fig. 3 , serum TAC which is proportional to both total concentration and capacity of all antioxidants presented in sera, revealed an increased amount after bleaching (1.22 AE 0.07 mM) compared with pre-bleaching value of 1.17 AE 0.06 mM; this increase was statistically significant (P = 0.002). The effect size of TAC test was found to be 0.371.
DISCUSSION
Findings of the current research indicated that at-home bleaching resulted in significant increase in serum level of MDA. Despite the total antioxidant capacity being increased significantly, the PAB was significantly shifted in favour of pro-oxidants. Consequently, systemic oxidative stress was observed at the end of the tooth bleaching period.
With the limited sample size of the current study, further analysis was performed along with determination of the resulting size of each assay. Regarding the scale proposed by Cohen, 27 the g 2 -value which equals and exceeds 0.16 is assumed as a large effect size. As a result, the consequent size of TBARS, TAC and PAB were altogether largely considered; implying that the large proportion of variance in these assays is explained by the at-home bleaching procedure. Determination of the lipid peroxidation level reveals the amount of free radicals because they can potentially initiate the peroxidation reaction of polyunsaturated fatty acids. The product is unstable lipid peroxide which decomposes to various compounds including MDA. 24 Lipid peroxidation refers to a mechanism of cell injury and is an indicator of oxidative stress, the products of which play an important role in the wound-healing process by activating the arachidonic acid cascade in plants. 28 These products also help in killing bacteria and spores in tissue injuries. 29 However, excessive lipid peroxidation leads to membrane rupture and cytotoxicity. 30 Most disease conditions and toxins have been found to increase lipid peroxidation. The peroxidation products are responsible for further cytotoxicity. 29 Animal studies along with a case report of Using the thiobarbituric acid reactive substance method, the concentration of MDA in serum samples of participants was measured and compared before and after the procedure of at-home bleaching. Increase in serum MDA level was significant with a P-value of 0.01. Fig. 2 Effect of tooth whitening on pro-oxidant-antioxidant balance (PAB; mean AE standard deviation; N = 23). The serum PAB value was measured as described in the Methods section of this research, before and after at-home dental bleaching to evaluate the redox status and its possible changes. The results revealed significant increase (P = 0.01) due to the bleaching procedure. Fig. 3 Total antioxidant capacity (TAC) changes due to dental bleaching (mean AE standard deviation; N = 23). The serum TAC level was investigated before and after tooth whitening. The result showed a significant increase in serum TAC level after bleaching with a P-value of 0.02.
16-month ingestion of hydrogen peroxide have
shown the acute cytotoxicity of the bleaching agents. 12 Nevertheless, systemic oxidative stress in the dentist-supervised at-home bleaching procedure has been observed as the MDA serum level was increased.
Malondialdehyde concentration has been reported as the most practical and precise technique in detecting oxidative stress. 31 This marker has been used in investigating the role of oxidative stress in various diseases including chronic obstructive pulmonary disease (COPD), coronary heart disease, and diabetes mellitus. [32] [33] [34] Tug et al. 34 reported that the level of MDA measured by means of TBARS was 3.46 lM in healthy subjects, 5.22 lM in the post-exacerbation period of COPD and 7.15 lM during the exacerbation period. Furthermore, Khan and Baseer 33 reported that the mean MDA concentration in healthy subjects and patients with coronary heart disease was 2.24 lM and 3.46 lM, respectively. They assumed this increase as an indication of oxidative stress. In the present study, the authors found comparable increase in the MDA concentration (3.14 lM before and 4.77 lM after bleaching) which could be interpreted to mean as systemic oxidative stress due to exposure to the bleaching agents.
Along with increasing lipid peroxidation reactions during bleaching, the TAC was also increased; this shows the body's reaction toward entrance of toxic agents into the circulation. However, the magnitude of the TAC increase was not as large as the magnitude of the increase in serum MDA concentration; hence, redox perturbation observably occurred in favour of oxidants indicated by the PAB assay.
In addition to some biological reactions as endogenous sources of free radicals, external sources include xenobiotics, ionizing radiation, ultraviolet light, some drugs, cigarettes and fast foods. [35] [36] [37] However, the human body contains effective protective mechanisms against the harmful effects of free radicals. Superoxide dismutase, glutathione peroxidase, catalase, the thioredoxin system, albumin, ferritin, bilirubin and uric acid are part of natural antioxidant systems. 38, 39 The nutrients such as a-tocopherol (vitamin E) and ascorbic acid (vitamin C) also play an important role in the antioxidant activity against oxidants. 39 In this study, to eliminate interference of the oxidant as well as antioxidant compounds affecting the bleaching agents, a number of exclusion factors such as the consumption of vitamin C/E supplements including antioxidants, cigarette smoking, drugs and fast foods were defined as the oxidant sources.
The imbalance between oxidative species and the antioxidant components, in which there exists an exceedingly higher sum amount of endogenous and exogenous oxidants, leads to the oxidative stress. 19 In the present study, oxidative stress was observed after completion of the bleaching period (2 weeks). Although no side-effects on short-term oxidative stress could be detected in this study, according to the observed redox perturbation, safety of long-term bleaching in cases of long term bleaching (i.e. tetracycline discolorations) should be taken into consideration. Cerebral infarction, cardiac ischaemia due to gas embolism, gastrointestinal emphysema and lung oedema has been reported in cases with hydrogen peroxide ingestion. [40] [41] [42] Moreover, gastrointestinal malignancy, pathological alterations in premalignant lesions and morphological changes in oral tissues due to local contact of whitening agents has been reported in animal and human studies. 12 Nonetheless, there is a gap between the animal or in vitro studies and human studies as no clinical trial study has investigated the possible systemic effects of the bleaching agents.
Although the International Agency on Research on Cancer attributes no carcinogenic risk to the professional use of the bleaching agents, 43 a recent review suggests that long-term use of hydrogen peroxide at high concentration could promote oral mucosa injury, genotoxicity and carcinogenicity. 12 The observed findings of this study supported the later viewpoint, as entrance of the oxidizing agents to blood circulation during the dentist-supervised athome bleaching pertains to two possible mechanisms: (i) swallowing small amounts of the hydrogen peroxide during application with night-guard and subsequent absorption through the gastrointestinal tract; or (ii) local absorption through the gingiva. Each pathway aggravates concerns over contact of agents with oral mucosa or gastrointestinal lining and the possibility of genotoxicity, and carcinogenicity in cases with long-term bleaching period 44 . Moreover, free radical species react and oxidize cellular components, and further cause damage to lipids, DNA and proteins. 19 These damages could also subsequently result in a range of diseases that has been previously mentioned. [21] [22] [23] None of the subjects who completed the study reported any signs of tooth hypersensitivity or gingival problems during the tooth-whitening period. This may be related to natural pH and thixotropic nature of this at-home bleaching agent as described by the manufacturer to ensure it stays in contact with the teeth.
However, tooth bleaching is considered an important way to improve people's social life and also athome bleaching is the most conservative as well as the most effective method of bleaching. Hence, the authors are currently performing another clinical trial to investigate whether this oxidative stress resulting from the at-home bleaching could be diminished via shifting the PAB in favour of the antioxidants through the use of the antioxidants (vitamin C supplements) during the procedure.
One of the limitations of the current study was that changes in redox status were not evaluated after the bleaching period to determine the time needed to fully recover from the oxidative stress.
CONCLUSIONS
Based on the limitations and results of the present study, it could be concluded that oxidative stress is a consequence of the dentist-supervised at-home bleaching technique. Although this stress is probably transient, probable side-effects of the short term oxidative stress should be taken into consideration. Additionally, in cases with long-term bleaching procedures or in situations with no dentist supervision as in OTC toothwhitening products, the side-effects may be significant hence the concern should be properly considered.
Clinical significances
The redox imbalance due to oxidative stress with application of the tooth-whitening agents may induce some probable harmful effects. Technical issues as well as careful education of patients on how to use the bleaching agents and trays should be seriously considered to minimize the possibility of oxidizing agents' leakage.
